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~The application of suppressive shielding to ammunition manufacturing and
other hazardous operations necessitates provision ~or access to the operation
being protected. Personnel mist be aole to enter the shield to accomp lish
routine and emergency maintenance , cleanup and other essential operations.
A sufficient opening must also be provided to enable the equipment being
protected to be installed or removed in realistically large suhassemblies . I ~Openings for conveyors , chutes , motor drives , shafts , etc. must also be k
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— provided and properly configured to preclude fragment penetrations from inside
the shield. Provisions must be made for all conceivable utilities and
environmental conditioning which may be essential to the operations inside the
shield.

These utility penetrations , ventilating and air conditioning ducts, and
vacuum lines must not alter the basic mode of structural failure of the
suppressive shield and should be small compared to the general size of the shield

Liners , both interior and exterior to the shield , may be required for
certain operations , such as those wherein explosive dust is produced , to
preclude contamination of the interior of the shield panels.

This report presents the formal documentation of all efforts and the results
of a program to acquire and generate the information and data necessary to
establish safety approved openings , penetrations , liners , finishes and founda-
tions. Detail design drawings are included as well as substantiating calculation
welding procedures and maintenance procedures for the shields.
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PREFACE

The work represented by this report was performed under task assign-
ment No. 7 to Contract No. DAAA15-75 -C-0120 for the Suppressive Shielding
Branch , Manufactur ing Technology Directorate , Edgewood Arsenal. This report
presents the formal documentation of all efforts and results for the time
period from November 1975 through December 1976.

The use of trade names in this report does not constitute an official
endorsement or approval of the use of such commercial hardware or software.
This report may not be cited for purposes of advertisement.

Reproduction of this document in whole or in part is prohibited
except with permission of the Commander, Edgewood Arsenal, Attn: SAREA-TS-R ,
Aberdeen Proving Ground, Maryland 21010; however, Defense Documentation Center
and the National Technical. Information Service are authorihed to reproduce
the document for United States Government Purposes.
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ENGINEERING DESIGN GUIDELINES, DRAWINGS

AND SPECIFICATION S FOR SUPPORT ENGINEERING

OF SUPPRESSIVE SHIELDS

I. INTRODUCTION

A. Objective

The objective of the task assignment was to acquire and/or generate

information and data necessary to establish safety approved openings , penetrations ,

liners, and other items involved in applying the basic safety approved shield

group structures to actual hazardous operations in Army ammunition plants.

B. Background.

The suppressive shielding program was initiated in 1969 to provide

protective structures in the form of homogeneously vented enclosures as

an alternative to the use of US Army TM 5—1300 walls. Edgewood Arsenal

engineers have demonstrated the concept feasibility and have shown that

blast overpressure , fireball , and fragmentation hazards from an acci—

dental detonation can be significantly reduced or suppressed . Full scale

prototype structures have been developed for applications for chemical

agent munition demilitarization , white phosphorus munition processing ,

explosive ordnance disposal , and munitions production operations .

In 1973, the program was given increased impetus by US Army authori-

zation to provide , within three years , a sound technolog ical base for

the concept. At the direction of the Project Manager for Nunitions

Production Base Modernization and Expansion and with the cognizance of

1
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the Suppressive Shielding Technical Steering Committee, a simultaneous

program was initiated to provide proven prototype hardware applicable to

hazardous munitions production operations. The Department of Defense

Explosives Safety Board has approved five types of suppressive shields

for use in US Army ammunition plants.

The five groups of suppressive shields approved cover the range of

hazardous operations effects associated with explosive charge weights of

up to 37 pounds of TNT equivalent. These are shield groups 3, 4, 5, 6,

and the shield for the 81mm mortar round (referred to hereinafter as the

“81mm shield”) .  The group 6 shield is not included in this study as

it is not designed to house ammunition manufacturing equipment and does

not have the same general operational requirements as the four other -
•

groups . Detailed characteristics and performance of these shield groups

are shown in Figures 1, 2, 3, and 4 in Section III.

The application of suppressive shielding to ammunition manufacturing

and other hazardous operations necessitates provision for access to the

operation being protected . Personnel must be able to enter the shield

to accomplish routine and emergency maintenance , clean—up , and other

essential operations . A sufficient opening must also be provided to

enable the equipment being protected to be installed or removed in 
. —

realistically large subassemblies . Openings for conveyors , chutes,

motor drives, shafts, etc., must also be provided and properly configured

to preclude fragment penetrations from Inside the shield. Provisions

must be made for all conceivable utilities and environmental conditioning

_ _ _  j
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which may be essential to the operations inside the shield.

These utility penetrations , ventilating and air conditioning ducts ,

and vacuum lines must not alter the basic mode of structural failure of

the suppressive shield and should be small compared to the general size

of the shield .

Liners , both interior and exterior to the shield , may be required for

certain operations , such as those wherein explosive dust is produced , to

preclude contamination of the interior of the shield panels. In the case

of shields such as the group 5 shield , primarily designed for use with

propellants or pyrotechnic materials , these l iners must not inhibit the

venting characteristics of the shield.

3
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II. TECHNICAL APPROACH

The plan for reaching the objectives of this task consisted of five

steps which include:

- An on-site survey of representative Army ammunition plants (AAP ’s)

where suppressive shielding might be app lied to hazardous operations.

- An evaluation of data gathered during the survey visits to determine

requirements for each shield group.

- Development of designs, specifications , and guidelines based on

these requirements.

- Preparation of outline test plans for items requiring testing.

- Preparation of a comprehensive final report which will include

engineering guidelines to be used for preparing the design details

for safety approved personnel openings, utility and produc t pene-

trations , and liners.

As the investigations progressed , discussions were held with other

interested groups such as the Corps of Engineers, Huntsville , DARCOM

• safety personnel , and those attending the Suppressive Shielding Technical

Steering Committee meeting at Southwest Research Institute in April 1976.

As a result , it was determined that safety approval of design guidelines

for openings , penetrations , liners, foundations, finishes, and other

items necessary to make the shield groups fully operational might be

possible wi thou t resorting to explosive testing . It was concluded that

the results of testing already accomplished to qualify the basic shield

group structures and certain openings and penetrations could be used with

engineering analysis and rationale to present a sufficient case for

—- - - ~~—-~~~ - -~~~-~~ --—- --~~~~



approved designs without having to perform Individual tests on each type

of opening, penetration, liner, and foundation provided the following

criteria are applied :

— Doors for equipment , conveyors , personnel, and penetrations to

accommodate utilities in suppressive shields must be designed to

develop the ful l resistance to explosive blast forces of the structure

without penetrations, so that the blast resistance of the structure

is not impaired locally by any of the penetrations. lt Is sufficient

to demonstrate this analytically by using established techniques for

calculating structural, response to dynamic loads, provided the pene-

tration is a relatively minor structural feature. If the penetration

is likely to change the mode of response of the structure appreciably,

or if its dimensions are comparable to the overall shield dimensions,

tests would be required to demonstrate the resistance of the modified

structure to internal explosive blast.

— Protective covers for the utility penetrations must be designed to

furnish the same fragment resistance as the structure. Generally,

• : this will entail providing the same metal thickness in the region of

the penetration as in the typical cross section of the shield.

---
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III. FORMULATION OF REQUIREMENTS

A. Summary of Shield Group Characteristics.

The characteristics of each of the basic shield groups are presented

in Figures 1, 2, 3, and 4.

The general constructional configuration of the shield groups 4, 5,

and 81 mm are similar and consist of a frame structure which supports flat

panels built up from varying arrangements of structural steel angles ,

Z—sections , and flat steel perforated plates . The basic overall con-

figuration of these three shield group structures is that of a rectangular

parallelepiped . The roof of each pf these structures is of the same con-

figuration as the particular side panels.

The shield group 3 configuration is different from the others . This

structure is cylindrical with structural steel I—beams interlocked in a

vertical orientation. The roof and supporting foundation are reinforced

concrete bolted to the cylindrical section through cap plates supported by

gussets. The space between the innermos t flanges of the I—beams is

bridged by an element of T—shaped cross section . This member Is tack

welded to the I—beams at each location . A liner of steel sheet is also

provided as a part of the group 3 shield .

B. Summary of Ammunition Plant Surveys.

In order to accomplish the program objectives , it was first necessary

to obtain information on the requirements for finishes and maintenance

and for the various openings , penetrations , liners , and foundations .

A plan was formulated wherein selected Army ammunition plants

would be visited by a survey team . The plants were

-- - - - - - - - --•
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GROUP #3

111J8
FT 

~~~~~~~~~~~~~~~~NOMft4AL

13.3 FT ‘-

~ /
INSIDE .— 

r-77-----•---•-7 ,~ 
—. OUTSIDE

I NSIDE DIMENSIONS: 11.25 FT DIA , 10 FT HIGH

WEIGHT: 95,540 LBS (INCLUDING FOUNDATION)

TYPE CONSTRUCTION: BUILT-UP STRUCTURE USING I-BEAMS WITH STEEL LINER
AND CONCRETE ROOF AND FOUNDATION

CHARGE WEIGHT (50-50 PENTOLITE) :
a. DESIGN - 37 LBS
b. PROOF (25% OVERCHARGE ) - 45.7 LBS

REFLECTE D I MPULSE : (SI DEWALL)
a. CALCULATED DESIGN - 414 PS1- MSEC

b. CALCULATED PROOF - 495 PSI-MSEC

REFLECTED PRESSURE: (SIDEWALL)
a. CALCULATED DESIGN - 2728 PSI
b. CALCULATED PROOF - 3198 PSI

QUASI -STAT IC PRESSURE:
a. CALCULATED DESIGN - 145 PSI
b. CALCULATED PROOF - 165 PSI

BLOWDOWN TIME (DESIGN):  2 SEC WITH Oc~ = 0.4% (TOTAL)

NOMINAL STEEL THICKNESS (FRAGMENT PATH) : I IN
STATUS : SAF ETY APPROVED

Fi~~ i re  1 - ~-h ield Group 3 Characteristic s 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •__
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GROUP #4

~~~~~~~~~~~~~~~

TJ 
~~~~ 

10.4 FT /
NOMINAL

— 

kX~~
IP FRAG

~~~
NT 

.
. 

-

INSIDE ~ ‘ OUTSIDE

I NSIDE DIMENSIONS:

9.2 FT WIDTH X 13. 1 FT LENGTH X 9.3 FT HEIGHT

WEIGHT: 79,159 LBS

TYPE CONSTRUCTION:
I-BEAM FRAME , NESTED ANGLES AND PERFORATE D PANELS

CHARGE WEIGHT (‘ENTOLITE) :

a. DESIGN - 9 LBS
b. PROOF (25% OVERCHARGE ) - 11.25 LBS

REFLECTED I MPULSE: (SIDEWALL)

a. CALCULATE D DESIGN - 162 PSI-MSE C
b. CALCULATE D PROOF - 194 PSI-MSE C

REFLECTE D PRESSURE : (SIDE WALL)
a. CALCULATE D DESIGN - 1387 PSI
b. CAL CULATE D PROOF - 1464 PSI

QUASi-STATIC PRESSURE:
a. CALCULATED DESIGN - 57 PSI

-
~ 

-. b. CALCULATED PROOF - 63 PSI

BLOWDOWN TIME (DESIGN): 88 MSEC WITH oi~= 3.09% (TOTAL)
NOMINAL STEEL THICKNESS (FRAGMEN T PATH) : 2.17 IN

MAXIMUM 2.17 IN.

MINIMUM 1.46 IN.

• STATUS :SAFETY APPROVED

Figure 2 - Shield Group 4 Characteristics

_  - --_------



GROUP #5 -

‘FRAGMENT

12.6 FT 12.6 FT

I NSIDE DIMENSIONS: 
INSIDE .— * OUTSIDE

10.4 FT WIDTH X 10.4 FT LENGTH X 8.5 FT HEIGHT

WEIGHT: 16,772 LBS

TYPE CONSTRUCTION:
CHANNEL FRAME , ANGLES , PERFORATED PLATES AND SCREENS

CHARGE WEIGHT (C-4):

a. DESIGN - 1.84 LBS

b. PROOF (25% OVERCHARGE) - 2.44 LBS

REFLECTED I MPULSE:

a. CALCULATED DESIGN - 44 PSI-MSE C

b. CALCULATED PROOF - 55 PSI- MSEC

REFLECTE D PRESSURE: 
-

a. CALCULATED DESIGN - 368 PSI
b. CALCULATED PROOF - 493 PSI

QUASI-STATIC PRESSURE:
a. CALCULATE D DESIGN - 24 PSI
b. CALCULATE D PROOF - 29 PSI

BLOWDOWN TIME (DESIGN): 44MSEC WITH 0’. =15.5% (PANELS )
NOMINAL STEEL THICKN ESS (FRAGMENT PATH): .427 In. IN.
STATUS : SAFETY APPROVED

Figure 3 - Shield Group 5 Characteristics

A ~~~~~~~~~~~~~~~~~~~~~~~~ _ __ _ __ __ _ _
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GROU P #81 MM

T~~~~~ I111~ T13. FT NOMINAL

~Ii~II!i~L ~ FR~~~ E~~

15.4 ~~~~~~~~~~~~~ 
20 FT 

INSIDE ..— —*OUTSIDE

INSIDE DIMENSIONS:
14 FT WIDTH X 18.7 FT LENGTH X 12.4 FT HEIGHT

WEIGHT: 48.750 LBS

TYPE CONSTRUCTION:
BOX BEAM FRAME , Z BARS , PERFORATED PLATE S AND LOUVERED PANELS

CHARGE WEIGHT (C-4):

a. DESIGN - 6.72 LBS

b. PROOF (25% OVERCHARGE) - 8.4 LBS

REFLECTE D I MPULSE :

a. CALCULATE D DESIGN - 97 PSI- MSEC

b. CALCULATED PROOF - II5PSI-MSE C

REFLECTE D PRESSURE:
a. CALCULATED DESIGN - 483 PSI
b. CALCULATE D PROOF - 610 PSI

QUASI-STATIC PRESSURE: . 
-

a. CALCULATE D DESIGN - 23 PSI
b. CALCULATE D PROOF - 28 P51

BLOWDOWN TIME (DESIGN): 82 MSEC WITH o’~ = 4.3% (TOTAL)

• ‘ NOMINAL STEEL THICKNESS (FRAGMENT PATH) : 1.23 IN.

STATUS : SAFETY APPROVED FOR TWO 81 MM ROUNDS
SAFETY APPRO VAL HAS BEEN REQUESTED FOR

6.72 LB. OF C-4 OR EQUIVALENT .

Figure 4 - Shield Group 81MM Charac ter i s t ics

10
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selected to provi d&~ a cross section of hazardous operat ions to which

supp ressive si r u c t u re s  could be app lied . The plants selec ted for the survey

were:

Lake Gu y AAP , Independenc e, Missouri

Kansas AAP , Parsons, Kansas

Milan AAP , Milan , Tennessee

Iowa AAP , Burlington, Iowa

Indiana AAP , Charlestown, Indiana

Tab le I presents a summary of the potential applications for suppressive

shielding at these AAP ’s and the corresponding shield groups to be considered .

In preparation for these on-site surveys , a letter was sent to the

Commanding Officer of each of the AAP ’s requesting assistance in obtaining

the required information and data. Also included was a questionnaire per-

tam ing to the information desired . A copy of this letter and attendant list

of questions is presented in Appendix A.

The survey of AAP ’s provided some of the data for establishing the

- - 
criteria for finishes and maintenance, and for the various penetrations ,

openings, liners, and foundations necessary to enable the basic shield group

- - - structures to be made operational. Table 2 summarizes the information

gathered through these survey visits as well as from other sources, such as

the Corps of Engineers , Huntsville.

11
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IV. DISCUSSION OF UTILITY PENETRATIONS.

The utility services which niuot be provided to the operations Inside

the suppressive shields considered In this investigation consisted of

electricity , water both for general use and deluge systems, and compressed

air. For ease of installation , the utility penetrations In the groups 4,

5, and 81mm shields are located directly adjacent to a column or beam

member at the floor or ceiling of the structure. For the group 3 shield,

which does not have beam or column members like the others , the penetration

is located above the floor gussets and Is supported by them .

The individual utility lines should be arranged with the lowest being

deluge water , next highest the general water service, then compressed air

and finally the electrical line in the topmost position. This is recom-

mended to preclude water, leaking from loose or improperly installed

connections , from contacting the electrical line and causing a short circui t.

An artist ’s concept of a typical utility penetration is shown in Figure 5 and

locations of typical penetrations are shown in Figures 6 and 7.

Utility lines passing through suppressive shield walls are vulnerable

to both blast and fragment hazards. The blast could push unprotected

utility penetrations through the walls of the shield and create secondary

fragments , or fragments from the exp loding operation could penetrate the

thin walls of an unprotected utility pipe.

A protective box was designed to eliminate the challenge of ‘blast and ‘

fragments to the utility penetrations . This protective box surrounds the

right angle bend of the utilities as they pass through the shield wall .

The box rests on the inside of the shield wall and Is tack welded in place .

In the recommended design , the actual penetrations through the shield wall

are limited to those required for the utilities , i.e., pipes of 1/2 inch to 
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3 inches in diameter . The penetrat ion is a sleeve or box section welded to the

shield  panel th rough which the utility line passes. This insures that the

structural members of the shield wall are not weakened by the penetration because

(1) the u t i l i t y  penetrat ion is welded in p lace , and (2) the penetration hole is

small compared to the to ta l  shield wall  area .

The mode of fa i lure  of the suppressive shield wil l  not be changed due to

the u t i l i t y  pe netrat ions . A similar penetration system was tested on al l  shield

groups. Reflected p ressure and quasi-stat ic pressure gages were mounted in shield

walls using a pipe penetration which was welded to the panel. The inner diameter

of the pipe was threaded to accommodate the pressure gages. No problems were

encounte red for these -3/4 inch diameter penetrations during tests conducted in

the 1/4 and 1/16 scale group 1 test fixtures and the group 3, 4, and 5 shields.

The u t i l i t y  box cover p la te was designed to stop fragments from penetrating

the box. The nominal steel thickness shown in fi gures 1, 2 , 3 , and 4 for the

sa fe ty  approved shields was selec ted as the cover p late thickness. Anal ysis

indicated that  the material  thickness required to stop the fragments is greater

than the  thickness  required to wi ths tand  the b las t  pressure loading ; however ,

calculations were performed to assure that the utility box side plates would not

— shear through the panel wall or that the added mass would not adversely affect the

st ruc tu ra l  response . These calcu lations are summarized in Table 3 for each

s a f e t y  approved shield and a samp le calculat ion is shown in Appendix B. Table 3

indicates that  the addition of the u t i l i t y  box reduces the d u c t i l i t y  ratio , 
~
.

This is caused by the added mas s increasing the natural  period which reduces the

s t r u c t u r a l  de f l ec t ion  and the d u c t i l i t y  ra t io .

I t  is conc luded tha t  the  addi t ion of the u t i l i t y  box to the inter ior  of the

sh ie ld  wa l l  w i l l  not adversel y a f fec t the basic response of the structura l elements .

22 
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TABLE 3 SHEAR AND STRUCTURAL RESPONSE DATA
_________ ________________ — 

STRUCTURAL DUCTIL ITY RATIO

** — __________________________

SHIELD SHEAR SAFETY ORIGINAL ~.i i. WITH PROTECTIVE
GROUP S MARGIN , M BOX

5

3 9.1 24.2 8.8

4 6.6 3.4 3. 1

5 31.3 6. 0 4.0

81MM 12.6 40 * 35*

*Based upon 5. 25 lbs. of pentol i te

M = 
Shear Strength of Material 

- 1 based on S which is the shear
s Dynamic Shear Stress w

st ress of the protective box through the shield wall

- -



----~~~~ ~~~—- -— -- - - -~~~~~~~~~~ -

V. DISCUSSION OF VACUUM LINE PENETRATIONS

Vacuum line penetrations are required for those operations where

explosive chips and dust are generated , for example , the fuze cavity

drill and facing operation for the 81mm mortar projectile .

Depending upon the details of the operation requiring a vacuum line,

the location of the penetrat ion could be either in the side walls or the

ceiling of the shield . The vacuum line penetration Is designed to be

located in the corner of the shield groups 4, 5, and 81mm adjacent to a

beam and column, two beams, or a column and the base of the shield . For

the group 3 shield , the vacuum line penetration is designed to pass

through the wall at any location on the centerline of an inner vertical

I—beam . The roof on the group 3 shield is reinforced concrete and no

penetrations have been designed to pass through this structural element.

A desi gn study was conducted (Re ference 1) to determine the most

desirable system for removal of exp losive chi ps and dus t .  The vacuum

system was selected . Details of the penetration of the vacuum line are

illustrated in Figure 8 and typical vacuum line penetrations are shown in

Figures 9 and 10. The external cylinder which houses the vacuum line is

designed to prevent hazardous fragments from penetrating the cy linder wall.

The cylinder is flanged on both sides of the shield panel to allow attach-

ment of elbows as shown. This further prevents any fragments from pene-

trating the vacuum line and possibly exiting the shield.

Design analysis of the vacuum line for an accidental detonation inside

the vacuum line is presented in Reference 1 and is not included herein.

The reader should refer to that report for detailed discussion and ana lysis
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of the blast loading and response.

To assure that the vacuum line penetration through the shield panel

will not fai l  due to the internal blast loading resulting from the

detonation of the explosive munition , an analysis was performed and is

presented in Appendix C.

28 
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VI. LINERS.

A. Introduction. The vented or porous nature of the suppressive

shield walls creates a potential for explosive and/or flammable dust to

filter into and subsequently accumulate within the wall interior. The

dust could come from an operation being performed inside the shield or

from an exterior source. A means for attaching and sealing both the

interior and exterior of the vented panels must be provided. The concept

selected to prevent the accumulation of dust in the shield wall is a

liner which covers the Inner and outer surfaces of the vented panels.

Special attention should be given to the joints of the inner and outer

liners to assure that the joints will not provide a route for explosive

dust entry into the shield wall structure and that the joints themselves

will not create an additional location for the accumulation of explosive

dusts.

The addition of liners to a suppressive shield could have an adverse

effect on the performance of shields of certain groups if the nature of

the hazardous material being shielded is not considered . When shielding

hazardous operations which involve pyrotechnic materials or propellants,

the ventilating properties of the shield must be designed to minimize

the long duration pressure load on the structure. The liner for such

applications must break or burn away so that ventilating properties are

retained . For e~x~losIve materials the ventilation requirements are

different . If the structure is designed to withstand the combined impulsive

and quasi—static pressure loads, fragment impact, and thermal effects, a

continuous metal liner which remains in place during the incident (e.g.,

29
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the metal liner for the group 3 shield) is acceptable. Such continuous

metal liners must not seal the shield sufficiently to prevent the products

of combustion from venting such that the shield becomes in effect a pressure

vessel. Some shields for use with explosives, such as the 81mm shield, are

not designed to withstand the loads they would experience with a continuous

metal liner. Liners for these shields must be designed so that the initial

blast overpressure blows out the liner to provide the venting properties

designed into the shield. In all designs with liners which break away,

care must be taken that hazardous secondary fragments are not produced

outside the shield by pieces of the liner.

Some preliminary tests (Ref. 2) with plastic sheet liners , i.e.,

polyethylene and mylar sheeting, were conducted in the 81mm suppressive

shield at NASA National Space Technology Laboratories (NASA NSTL) by the

Edgewood Arsenal Resident Laboratory to determine the effect of liners on

structural loading and blast attenuation. Blast pressure measurements

outside the vented walls compared to those outside the lined walls shoved

no measurable difference. This indicated that the thin (4—6 m u )  plastic

liner did not attenuate the explosive blast effects to any measurable degree.

Internal pressures and hence, loading of the frame and panel stru cure, were

also not significantly affected by the use of the liners.

Tests have also been conducted in the group 3 and 5 shields using metal

liners covering the interior surfaces of these shields. Strain gauge data

from high explosive tests in the group 3 shield indicated no significant

increase in the loads imposed on the structural members due to the blast

containment by the metal liners (Reference 3). Similar tests in a group 5

30
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shi~~ d w i t h  m e t a l  1 in e r s  i id icat ed  no apparent  visual  deg rada t ion  of the

st r u c t u r e  when compare d to tes ts  w i t h  ident ica l  charge weights in the

rroup 5 shield sd thoi ,t metal liners .

rhose t e s ts  with the thin metal and plast ic interior liners have thus

elemonst rated t h a t :

( 1 )  E x p l o s i v e  m a t e r ia l s  can be con f ined  in a suopressive shield wi th

-~ rigid l iner that does not allow venting of the blast pressure If the

s t ru c tu r e  is designed to take  t lw loads .

( 2 )  A f r an gible p l a s t i c  l iner  uan be used on a shie ld  c o n t a i n i n g

exp losive mater ia ls  without a f fec t ing  the venting character is t ics .

(3) For def lagrat ing m a t e r i a l s  (pvrotechrti cs and r r o p e l l in t s ) ,  the

v e n t i n g  is essent ial to prevent sh ie ld  damage .

B. I . i n o r c  for  Exj~~osive M 3 t e r i a l s .

Th in  s t ee l  sheet  In t e r n al  l iners  1~ ,~’p been tes ted in the group I and 5

shields. The group 3 sb i e]d  l i n e rs  in v e s t i ~~ated were :

( H 74—p age ( .~~24 i n c h )  cnrru ~’ated r a l v an i .~ed s t e e l .

(2~ Two 22— c ag e  ~~~~ inch)  c or r u ”a t e d  c ’a lvan ized  s te e l  -

Tbo 2 4 — g a c ~g l iner ~;u s t a1n ed  c o n s i d e r a b l e  f a i l u r e  in th e  4 5 .7—pound  explosive

;‘roo~ t e s t s .  The l i n e r  shea r ed  a lon ’ t h t -  edres of th e  b loc i~lng  s t r i ps (where

l i n e r  ~as u n s u p p o r t e d )  m d i  c -~t in~ I n s u f f  t c l e n t  s t r e n g t h . In the sub—

se-quen pr of tes ts  in the  gr~~,p ~ shield u s inr  the two 2 2 — r ag e  I b i t s , the

sl w.~r l i i - d i d  not occur thouc ’h the  l i n e r  was f l a t t e n e d  and sone h i l e i n g

r - - ‘~ l t ~~d . The two l ay ers  of materl .il had t h e ir  lap  lo in t s  st agg ered  co

31.
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that they were 13 inches apart and were attached by pop rivets and 10

penny nails at the top and bottom edges of the liners.

The group 5 shield liner was flat galvanized steel sheet, 24—gage.

A single sheet was used to cover each panel and was attached using sheet

metal screws. This liner was successfully proof tested with 2.44 pounds

of C—4 explosive. Pressure measurements indicated no difference between

the group 5 shield proof tests with or without liners. Therefore, steel

liners can be used on the group 5 shield when this shield is applied to

explosive operations.

Steel liners have not been tested in the 31mm shield or the group 4

shield and are not proposed for use on these shields. Insufficient data

is available to allow application of the liners used in the group 3 and 5

shields to the explosive operations of group 4 and the 81mm shield.

For final application of liners to the group 3 and 5 shields, a soft

gasket material or caulking compound is recommended to seal the 1in~r—panel

interface and to prevent accumulations of explosive dust at Inaccessible

locations. Typical installation details are shown in Figure 11 .

c. Liners for Def1agratingj~~terials. Tests conducted I. the group 5

shield with internally installed thin metal liners and 50—pound charge of

deflagrating illuminant composition (55% NaNO3—45% Mg granulated) resulted

in significant permanent deformation of the structural members. Roof

members were bent approximately 2 inches from normal and the wall columns

approximately 1 inch. Previous tests in this shield without liners and

illuminant composition charges of from 10—50 pounds caused no measurable

32 
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distortion of the structural members (Reference 4). These results

indicate that th e group 5 shield will require internal and external

liners fabricated from li ghtweight material which will disintegrate ,

decompose, or fracture when a deflagrating material reacts in the shield.

This wi ll a l l ow the rap idly expanding gases to bleed off as they are

prod uced by th e reaction , thus preventing an excessive pressure buildup

in the structure .

A number of plastic film materials were investiga ted as possible

candida tes  for suppressive sh ield s requiring frang ible internal liners .

The mater ia l  t e n t a t i v ely selected was the 3-M Company ’s Velos ta t p las tic

film. This material exhibits the fol lowing p ropert ies:

- cond uct i v e

- abrasive/tear resistant

- disintegrates rap idl y under f lame

- workable

it can be purchased with an adhesive app lied to one side to allow easy

aitachment to the panel surface. Attachment would be accomp l ished as

shown on Figure 12. -

The liner material for external app lication requires the same

c h a r a c t e r i s t i c s  as t h e  internal liner material p lus the additional

requirements of being incapable of producing lethal or damag ing fra~ nents.

The Velostat material meets all these requirements.

Care must be taken with the installation of adhesive—backed p las tic I
liners to prepare tilL shield surface so a good bond is achieved and to

14
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a t tach  the mater ia l  wi th no w r i n k l e s  or gaps through which hazardous

mater ia l  can e n t e r  inaccessible  reg ions of the pane ls .

D. Recommendations

Table 4 shows for each of the s a f e t y  approved shie lds  the recommended

internal  and external  l iner systems . In a l l  cases , a sealing system has

been proposed which wi l l  prec lude  dust accumulation or leakage around the

liner. This will also keep the extreme edges of the Velostat material

from pu l l ing  loose and curl ing .

Based on previously cited t e ,t s  wi th sheet me ta l  and p las t ic  l iners ,

and the propert ies  of the Velosta t  mater ia l , it is recommended that a test

series be conducted in the group 5 shield wi th  both internal  and external

l iners  i n s t a l l ed .  The tes t  object ives  are (1) to determine the e f f e c t s  of

in t e rna l  and external  l iners  on the structural loading and response for

d e f l a g r a t i n g  ma te r i a l s , ano (2) to det ermini ~ the  p rac t i cab i l i ty, f ea s ib i l i t y,

and possible problems associated wi th attachment of thin film liners to

suppressive shie lds .

The r e su l t s  and f ind ings  of t h i s  t e s t  series wi l l  be detai led in a

subsequent  report  and included in the suppress ive- sh ie ld ing  engineering-

desi gn handbook.
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V I 1. P E R S ON N EL  DOO!~.

Suopressive shields are designed to protect hazardous operations

i nvolved in the  muni t ion  plant  environment . These operations are hazard

category I I I  .ind require remote operation. Personnel will not be inside

the shie ld  du r ing  opera t ion .  I1o~’ever , access to the equi pment involved

in the  hazardous  opera t ion  must  be provided to allow for maintenance ,
-s repair , and inspection as required . Personnel doors have been designed

for  each of ti le s a f e ty  approved shields . Ex i t s  from these shields have

not been designed in acco rda nce with ANCR 385—100 , Section 5—7 , since no

personnel ‘.7th be in the shield dur ing  the operation . The door wil l

remain open for conditions requiring personnel access.

Early shield designs contained a hinged door which swung Inward. Application of

suppressive shic idu to munition operation’; indicated that this inward

sw i ng i ng  door reduced the operating space inside the shield . As a result ,

a sliding door was included in the group 4 shield design to eliminate

interference with equipment inside the shield. This door concept was

successful ly proof tested in the group 4 shield . Based on these test

r e su l t s , the group 4 s l i d i n g  door design was modif ied  for use wi th the

81mm shield. Reference 5 describes in detail the sliding door design and

provides engineering drawings of the 81mm shield sliding door. Safety

approval has been obtained for the 81mm and group 4 shields slidi ng doors.

Using  the same design principles , a sliding door was designed for the

‘r oup S shield.  (This  shield was proof tes ted w i t h  a hinged door.) The

sliding door design is shown in Figures 13 and 14, and ca lcula t ions  are provided

38
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In  Appe nd i~ 
D For a l l  t u e  sliding door designs , the door consists of

an entire shield ~anel suspended from a beam above the panel by means

of a monorail. Since the panel is inside the shield and is not rigidly

at tached to the shield column members , a gap between the panel and column

exists. External blast pressure measurements in the group 4 shield tests - -

i n d i c a t e d  that  increased venting did not occur in th i s  area , appa ren t l y

due to sealing of the panel/column gap by the blas t pressure prior to

leakage of the pressure.

The group 3 shield is cylindrical in shape and Contains a double-hinged

door with a total opening 4.5 feet high by 3 feet  wide.  The door consists

of two leaves curved to match the shield contour and fabricated from S5 x 10

interlocked I-beams . Pressure loading restraint is provided by the door

bearing on the external support rings at the top and bottom of the door . A

latch is provided on the exterior of the door to provide restraint during

rebound of the door inward, Figure 15 illustrates the group 3 shield door

configuration and the Des ign Ana lysis is provided in Appendix 0. A sliding

door was not designed for th is shield since the two-leaf configuration

minimizes the clearance required inside the shield for opening this door .

For special applications that require a sliding door, the design analysis

procedures provided in Appendix D for the group 5 shield door can be used.
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Figure 15. Hinged Door in Group 3 Shield
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I I I  . i’I~OI)u1C’I DOOR

App i i cat it-ri of ~uppres~ iVe shields to munition c-p erat ions requires

p e n e t r a t i o n s  of t he  sh i e ld  wa l  I f o r  p a s s — t h r o u g h of the munition and t h e

conveyo r transporting the munition a n d/ o r  m u n i t i o n  components .  A r o t a t i n g

product  door has been designed , f abr ica ted , pro of tes t ed , and safety

approved fo r  use i n  the group ti shield and the 81mm shield . The detailed

design ana lys is  for  th is  door is provided in Refe r ence  5 . An a r t i s t ’s

concept Is shown in F igure  16 and a typ ical location is shown in Fi gure 17.

Requirements for product doors are special ized depending on c o n f i g u r a t i o n

of the p roduc t , p a l l e i s , and conveyers , as well  as p r o d u c t i o n  rates and

o ther  f a c t o r s  un ique  to each ope ra t i on .  For these reasons , i nd iv idua l

produc t doors must be desi gned separa te ly  fo r  each appl ica t ion  using the

p r i n c i p les p rov ided  in Reference 5.

To a l low use of new door designs , eng ineer ing  anal ysis must  show tha t

the designs dci not adversely affect strength or mode of response of the

s h i e l d  Panels or wall components under the d ynamic  loads a n t i c i p a t e d .
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IX. ENVIRONMENTAL CONDITIONING PENETRATIONS

Information obtained during the AAP survey v is i ts  indica ted  t h a t  ce r t a in

ha zardous operations required special environmental  control , ai r tempera ture ,

and humidity. To provide the necessary environmental conditioning, the air

inside a suppressive shield must be changed. Since operating personnel are not

present inside a shield during an explosive operation , it is not necessary to

change the air to meet such requirements as provided by OSHA .

Depending upon the air conditioning requirement s for a par t icu lar  operat ion ,

the air can be introduced inside the suppressive shield in a number of ways .

For example, it may be sufficient to use conditioned air around the outside of

the shield and have it “leak” through to the ins ide via the spaces around the

shield penetrations such as personnel and product doors . Where the air flow

requirements cannot be satisfied in this manner , an inlet duct of sufficient

thickness to withs tand the blast loading and of such configuration to prec lude

fragment passage can be provided through the panels . The equipment which

provides the air into the shield must be located such that  the e f f ec t s  of

blast will not endanger personnel who might normally be in the are-i . It is

recommended that each shield have its own environmental conditioning equipment

since it  would probabl y be sacrif iced or at leas t severely damaged in the event

of an accident .
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For th” removal of a i r  from inside the suppress ive  sh i e ld , ~i similar duct

wi th  the proper employment of f i l t e r s  (as required ) to keep explos ive dus t

from exiting the shield can be used. In operations where a waste disposal

(vacuum line ) system is used , this may prove to be a feasible method for

exhausting air to the exterior of the shield with a duct extending as a stack

through the roof. This is illustrated in Figure 18.

Samp le calculations for the environmental conditioning penetration are

presented in Appendix E.

I
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X. FINISHES

Suppressive shields will be installed in a wide variety of operating

environments. These environments may include extremely corrosive acids,

caustics, electrochemical reactions , gases and vapors, dusts , or other

compositions which may react adversely with steel. It is virtually

impossible to anticipate these environments and call out the proper

Specifications and procedures for surface preparation , priming , and

painting of the various structural materials. Existing military and

Federal specifications for finishes which are normally used in US Army

ammunition plants shall be used for the suppressive shields as applicable.

Applicable specifications and procedures must be a par t of the technical

data package prepared by the architect—engineer for a specific application

and environment.

~e 49
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XI. DISCUSSiON OF SHIELD MAINTENANCE

A.  Preventive Maintenance. A typical standing operating procedure

(SOP) which addresses normal periodic preventive maintenance has been

prepared and is presented in Appendix F. This SOP is written without any

particular Army ammunition plant (AAP) or operating environment in mind .

Theref ore, it must be used only as a general guide for a specific SOP

requirement in a specific location and operation. Local safety , mainte-

nance, operations, quality control policies, and procedures would

necessarily dictate much of the form, format, and content of the actual

SOP. In addition, the type of hazard , the environment , and other specific

local conditions would also dictate the SOP content.

B. Corrective Maintenance. No specific corrective maintenance pro-

cedures have been outlined in this report since the number of possible

corrections , repairs , and the like will vary with each situation. In the

event that corrective maintenance is required due to damage to shield , care

should be taken to consult the technical data package drawings and specifi-

cations prior to performing the maintenance . This will insure that the

proper structural members, welding specifications , other material specifi-

cations , and quality control procedures are followed and that t1 - shield

will have been restored to its original structural integrity.

C. Rehabilitation and Repair. To obtain the nEst efficient and cost

effective design, suppressive structures were developed to deform plastically

when exposed to exp losive blast loading . This principle is termed

“limit ” design.” By allowing structures to plastically deform , a larger



~~~~~~~iiI

por t ion  of the energy from an exp los i ve de tona t ion  can be converted into

p las t ic ~-;orl~ by permittin g permanent deformation of the suppressive s t r u c t u r e .

is s t r u c t u r a l  d e f o r ma t i o n  is des~ r ib c-cI b~ the  ‘ d u c t i l i t y  r a t i o ’ , ~.‘hi c l i

is the ratio of maximum deflection to maximum t-~lastic deflection. A ]lowabl e

t t u c t i l i t v  r a t io s  arc de f i n e d  in terms of structural reusability. Structures

w i t h  a ~ less than  6 are  considered r eusab le .  This  does not i n f e r  t h at  a

suppressive s t r u c t u r e  with a ~ less than  6 w i l l  not req uire some rehabi l it a t ion

and repai r  won . a f t e r  an a c c i d e n t a l  d e t o n a t i o n  ~ii t l iin  the con f ine s  of the

structure . h owever , It  does i m d l c a t *±  tha t the structur al members are sound

and the sup nr & ~ssive s h ie l d  wi l l  w i t h s t a n d  another detonation .

I ) u c t i l i i v  r a t ios  were computed fo r  :ill th e safety approved shields , i.e.,

shield groups 1, 4 , 5 , 6 , and the lmin , and the  reusable explos ive  charge

weight  d e t e r m i n e d . Tab It 5 , belou , lists t h e  reusable  charge  wei gh t s

for  duct i l i t v  r a t i o s  less than 6.

TA ELE 5

SAFETY APPROVED SUIELDS :L~SA 1;L~: CIIAR(’.E ~YE lG 11TS

Shield Ch ar~ c Wci~ht 
TNT Equivalent

Group 1 17 lbs 5O/ 5~’) pentollte 41.77 lbs.

Group 4 9 lbs SO/ SO p en to l i t e  10. 16 lbs.

Group S l..~4 lbs S0/5() p ento l i t e  2. 08 lbs.

Group 6 0 . 7 3  lii 50/50 pentolite .85 lbs.

31mm Two gl mm ~h 174 mor ta r  rounds 3. 02 lbs.

A l l  of t h e  above l i s ted  charge  w e i g h ts are equal to the design charge

weigh t for which safety approval was obtained. Therefore , all the

safety approved shields are reusable for the maximum approved charge weight.

L _ _ _ __ _ _ _ _ _ _  
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The previous discussion addressed the reuse of suppressive shields

exposed to explosive blast loads . In many instances , an explosive detonation

involves the generation of fragments which impact the shield surfaces and

cause partial penetrations of the structural members. These penetrations

can vary in size from small , superficial holes which do not affect the

s tructure in terms of reuse or venting characteristics to large fragments

that could penetrate or damage a column member and significantly affect the

strength of that member . For exp losive detonations involving the generation

of fragments , it will be necessary to perform an engineering ana lysis to

determine the need to replace the components of the structure . Since each

shield is of unique design , the rehabilitation and repair req uired for each

is different . For example, it wou ld be easier and less expensive to replace

a group 6 shield , whereas damage to a panel in the 81mm shield would be cost

effectively repaired by replacing the panel , not the complete shield .

Procedures designed for de ontami nation should be performed prior to

any rehabilitation and repair. All specifications defined for each shield

should be followed during these operations .

The panel/frame type shields , i.e., groups 4 and 5 and the 31mm , arc

designed for easy replacement of entire panels or individual column

members. The group 3 shield is more complex since the I—beams used to

make up the cylindrical side walls are interlocked. Replacing these I—beams

will require removal of the concrete roof and detachment of the I—beams from

the foundation . Rehabilitation and repair of damaged shields will require

this type of individual treatment . 

-~~ 

~~~~~~~~~~ 
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D. Decontamination. Decontamination of the shields shall be in accordance

with the local Army Ammunition Plant ’s SOP ’s, AMCR 385.100 (Safety Manual)

and ARMCOM Regulation 385-5 (Contamination , Decontamination and Disposal).

Also local regulations and SOP ’s regarding flame permits prior to

welding shall be followed. An example of a welding procedure and qualification

is presented in Appendix G. This procedure is applicable to rehabilitation and

repair of the shields as well as to their construction.



X I I .  FOUNDATIONS

A. Introduction,

Each safety approved suppressive shield has a foundation design for

anchoring the structure securely in place. Shields should be prevented

from excessive motion in the event of an accidental detonation to minimize

damage to conveyors , utilities, and the like, that pass through the shield

or to overhead structures. Shield groups 3 and 5 have been tested

with concrete foundations used to anchor the shield . No motion was ob-

served during the conduct of the proof tests of these structures after

review of high speed films taken to document the tests .

B. Group 3 Shield Foundation.

The foundation used in the group 3 shield is shown in Figure 19 ,

and is 13 feet , 4 inches in diameter , 18 inches thick , and constructed

based on TM 5—1300 design procedures. The detailed design analysis is

provided in Appendix H . The foundat ion  was proof tes ted  with 4 5 . 7  pounds

of 50/50 pentolite at Aberdeen Proving Ground and only super f ic ia l  cracking

at the concrete surface was observed .

C. Group 4 Shield Foundation.

The group 4 shield foundation is i l lustrated in Figure 20 . This

foundation was designed to conform wi th  a standard concrete floor existing

at Lone Star AAP . Actual drawings were obtained from Lone Star AAP to

determine the concrete thicknesses , rebar requirements , and concrete

specifications necessary to fabricate the foundation. Due to mate r ia l

availability at Dugway Proving Ground (the fabrication/erection site), 
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the actual foundation varied from the Lone Star PtA? drawings as follows :

(1) Number 10 wire mesh was used ins tead of Number 6 , and (2) the concrete

skirt around the peri phery was not installed. Additionally , a 3/4—inch

thick steel plate was placed on the top of the concrete foundation over a

wet cement g rou t .  This installation was performed to minimize plate

deflect ion and fragment damage to the concrete slab during repeated testing .

Tests with bare high explosive charges up to 11 pounds and two 105mm

rounds were fired in the group 4 shield . Fragmentation from the two 105mm

rounds was severe . Examination of the foundation after the fragment and

proof test revealed some hairline cracks at the foundation periphery . The

steel plate buckled in several places and was gouged from the many fragment

h i t s .  1-high speed motion pictures  of the tests indicated a slight upward

movement of the structure of from 1—2 inches. This movement could cause

some probl ems in the operating environment and care should be taken in

usi ng this  s tru ct ur e whe re sh ield penetrations are required. If rigid

pene t ra t ions  are required and if it is Impor tan t  that  they not be damaged

in an acc iden t , then this  shield should be anchored to the concrete

foundation in a more rigid manner .

D. Group 5 Shield Foundation.

The founda t ion  for  the group 5 shield is a 15 feet  by 15 feet  and 18

inches t h i -k  mo n o l i t h i c  r e in fo rced  concrete slab (see Figure ~~~~_) .

A series of high exp losive and deL lag ra t i ng  materials  tests were conducted

in the sh i e ld .  The proo f pressure test  was conducted using 2 .44 pounds of

explosive . Illuminant  composition charges consisting of 55 percent Sodium

Nitrate and 45 percent granula ted  magnes ium were also f i red iuside the shield

group 5 s t r u c t u r e . Temperatures in the range of 4000-5000°F were generated

by i l l um i n a n t  charges of 10-50 pounds .
57
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Visual examination of the concrete pad a f te r  the exp los ive and il luminant

composit ion tests showed no s ignif icant  cracking or deterioration of the s lab .

E.  81 nun Shield Foundation

The foundat ion for the 81 nun shield consisted of a 1/4-inc h thick s tee l

plate welded to the bottom of the panel members which rested on a packed

clay gravel base. This system was for test purposes only and was not intended

as a tiedown device . This structure lifted vertically 5 inches above the

ground dur ing  testing wi th  two 81 mm mortar projectiles . To prevent this

movenient in an operating plant environment , the Corps of Engineers , Huntsvi l le

designed a system to anchor the shield to the concrete floor in the p l an t .

The tiedown procedure is i l lus t ra ted in Figure 22 . The design ana lys is

investigated the e f f e c t  of r ig idly  attaching the shield to a concrete

foundat ion and no adverse e f f ec t s  were indicated . The tiedown method will

allow incorporation in an ex is t ing  f a c i l i t y  by removing the concrete in the

tiedown locations and then replacing as required .

F. Floor Drains.

Floor drains are an integral part of the concrete foundation design .

Suitable  f loor  drains are to be designed by the Corps of Engineers ,

Huntsv i l l e  in accordance with exist ing design cr i ter ia  for  Army ammunit ion

p lan t s  and e f f l u e n t  requirements for the p a r t i c u l a r  operation (s ) inclosed

by the shield . 
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~~~ DEPARTMENT OF THE A R M Y

HEADQUARTERS. EDGEWOOD ARSENAL(. A BER DEEN PROVING GROU ND. MARYLAND 21010

SAREA-MT- TE

SUBJECT: Suppressive Shielding Requirements Survey

Commander , Milan Army Ammunit ion Plan t , Milan , TN 38358
Commander , Kansas Army Ammunition Plant , Parsons , KS 67357
Commander , Indiana Army Ammunit ion P lant , Charlestown , IN 47111
Commander , Lake City Army Ammunition Plant , Indepenuence , MO 64056
Commander , Iowa Army Ammunit ion P l an t , Burl ington , IA 52502

1. Suppressive shields for a wide variety of hazardous munitions plant
operations have been developed by our Suppressive Shielding Branch ,
Mechanical Process Technology Division , Manu fac turi ng Tech nology
Directorate , under Manufacturing Methods and Technology Project 1264.
As a par t of this program, which suppor ts  the US Army Muni t ions  Pro-
duction Base Modernization and Expansion Program , we have initiated an
effor t to obtain safety approval for interior and exterior shield liners ,
and for various openings and pene trations required in suppressiv e shields
for personnel , equipment , utilities , and environmental conditioning.
Inclosure 1. depicts a suppressive shield surrounding a typ ical munitions
p lant operation with the various anci l l a ry  u t i l i t i e s  and services  r equ i r ed
for the operation.

2. The initial phase of this effort is to conduc t a survey of AAP
expansion and modern iza t ion  p ro jec t s  in which suppressive shields could
be e f f e c t i v e ly u t i l i zed .  Based on a review of M u n i t i o n s  P r o d u c t i on  Base
Modernizat ion and Expansion p ro jec t s  scheduled  for comp le t ion  d u r in g  the
FY 78 - FY 80 time frame the fo l lowing  p ro jec t s  have been se lec ted :

a. Lake City Army Ammunition Plant: Project 3501 , 30mm GAU- 8
Product ion Equipment (SCAMP).

b. Kansas Army Ammunition Plant: Project 2702 , De tonat Facility
Fron t Line.

c. Milan Army Ammunition Plant: Project 2709, 60/81 mm Melt System

d. Iowa Army Ammuni t ion  P l a n t :  Pro jec t  2677 , 155 mm M549 , M708
and 8” x M650 LAP .

e. Indiana Army Ammunition Plant:

(1) Project 2500, 105 mm M67 Propellant  Charge Load and Assemb ly.

A— 2 - 
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DEPARTMENT OF THE ARMY
HEADQUARTERS. EDGEW000 ARSENAL

) ABERDEEN PROVING GROUND, M A R Y L A N D  21010

SAREA-MT- TS
SUBJECT: Suppressive Shielding Requirements  Survey

(2) Project 2610, 155 mm and 8-Inch Propel lan t Charge Bag
Loading Facility.

3. The objective of these plant  surveys  is to determine the requi rements
for specif ic  suppressive shield app l icat ions for the p ro jec t s  l is ted above.
These should be based upon hazard level of the operation as well as your needs
for the equipment and process insofar as it is poss ible  for  them to be
def ined  at this time . Inclosure 2 con ta ins  questions which are considered
to be pertinent to the determination of these requirements. It is requested
that they be answe red , as applicable , and p resented for d iscuss ion dur ing
the v i s i t  of the survey team to your plant. It is requested that drawings ,
specif icat ions, sketches , and other data p e r t i n e n t  to your p a r t i c u l a r  needs
be provided to the survey team during this visit. It is also requested
that  Government and contrac tor representa t ives  from eng inee r ing ,  s a f e t y ,
and - production groups be available for discussion with the survey team ,
if possible.

4. The team , comprised of Mr. Doug las M. Koger and Mr .  Josep h F. Voeg lein
from Edgewood Arsenal , and Mr. F. James Schroeder from AAI Corporation ,
is scheduled to conduct the survey as follows:

a. Lake City Army Ammunition Plant - 5 November 1975.

b. Kansas Army Ammunition Plant - 6-7 November 1975.

c. Milan Army Ammuni t ion  Plan t - 10 November 1975.

d. Iowa Army Ammunition Plant - 17 November 1975.

e. Indiana Army Ammunition Plant - 19 November 1975.

5. Should you have any questions or desire any additional information
relative to this surve y or any other aspects of the pro j ec t , p lease con tac t
Dr. David J. Katsanis , Chief , Suppressive Shielding Branch , AUTOVON
584-2302/2661.

6. ARMCOM control number for this visit is OP-7~- 1Ol5-3.

FOR THE COMMANDER :

RICHARD G. THRES HER
Chief , M e c h a n i c a l  Process
Technology Division
Mann fac turing Technology ~~s~~tnra t~

2 m c I
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REQUIREMENTS CHECKLIST

Project No. 
______________ 

Title _______________________________________________

Station -______________________________ Operation _________________________________

Hazard Level_________ Suppressive Shield Requirement ________________________________

Describe the hazardous operation in terms of the following :

1. What utilities do you anticipate will have to be supplied to the hazardous
operation? 

-

Utility Requirements

Elec tr ic Power

Compressed Air

Vacuum

Water

for general use

for deluge system

Other

2. What openings for entry into and exit from the shield are anticipated?

Openings Requirements

Personnel

Handling Equipment for Installation ,
etc. (i.e., forklift trucks)

Hand ling Equipment for Munitions
Movement (i.e., conveyors)

Other

3. What environmental conditioning is required in the area of the operat ion?

Item Requirement

Heating

_ _ _ _ _ _ _  - -  
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3. (Continued )

Item Requirement

Ventilating

Air Conditioning

Dehwsidifying

Other

4. Do you anticipate the need for protective liners? Does the operation

produce explosive dust? Could operations external to the shield , in the general

area of the shield, produce dust or other contaminants from which 
the shield

should be protected?

____ 
!~~

uire1nentS

Internal Liner

External Liner

5. What specific interlocks would you anticipate being 
required for safe operation?

interlock Requirement s

Peisonnel Openings

Hand ling Equipment Openings

Conveyor Openings

Utility Penetrations

Other

A-6 66
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Calculations for  Ut i l i ty  Pene tr ations

Structural analysis of the protective box for suppressive ,shield

u t i l i t i e s  is based upon the conservation of energy me thod where the s t r u c t u r e

responds dynamically to both reflected and quasi-static pressures. (Ref. 6)

Both short and long duration pressures are considered .

The following conditions are assumed to be achieved:

1) Elements do not buckle before  they reach  their maximum def le ct ion

2) A bilinear res istive function.

3) ~3 -e law of conservat ion  of  energy  app lies.

The law of conservat ion of energy for a multiple pulse (short and long

duration) input shows that:

External  Work - Internal Work = ~ Kine t ic  Energy

The basic s t r u c t u r a l  equa t ion  is given below and re la tes  the maximum

def l ec t ion  to pressure  loads , s t r u c t u r a l  res i s tance  and the n a t u r a l  per iod  of

the s t r uc tu r a l  mamber.
2

/C 1P m C2 p
I +
/ ry r~

_ _ _  

___ — = 1  (1)

Tn~ / 2 ~j _ 1  1 - l
2u

\ fl td
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Where Cl Pm = Pr - Pqs

C2 Pm = Pqs

Pr = reflected pressure - psi

Pqs = quasi-static pressure - psi

td = pulse duration for the re f lec ted  pressure - sec
T~ = natural period-sec.

= duc t il i ty  r atio = Xm
Xe

Xiii = maximum deflection - in.

Xe = elastic deflec tion - in.

ultimate resistance of member - psi

The structural analysis considers the following areas for loading and structural

response: -

1. The cover p late is allowed to de form to the reuseable  limi t where the
duct i l i ty  ra t io  ~i = xm/x e is less than or equal to 6(~~.6)

2. The side plates should not buckle under the dynamic reaction load produced
b y the b las t  loading.

3. The cover p late shearing through the side p lates.

4. The side plates shearing through the suppressive shield wall .

Suppres s ive  Sh ield

h 

Outs ~~e

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Cover

~~~~ j
~

_ _
~

_ _

~~~ 
plate~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Uti lities ~~ t r ’  br ~~~~~~~~~~~~~~~~~~~ 
) 

I

_________ t 
~~~~
- ts\~ S ide Plates
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Each shield category was analyzed separately and the results for Shield Group

3 are presented below.

Shie ld Group 3

1. Deflection of Cover Plate

The protective box for this shield group is subjected to the following

pressure levels and has the indicated dimensions .

Pressure Levels

P = 3198 psi
r
P = l87 psiqs
i = .6 psi-sec = blast f ie ld  impulse

Dimens ions

Cover Plate : a = 10 in.

b = 20 in.

t = 1.0 in.

Side Plates : h = 8 in. Material : Mild Steel, F KSI = 36ty
t = 1.0 in. (Ref. 7 , Page 2-S) F KSI = 55

5 tu

To evaluate the d u c t i l i t y  r a t i o(~ ) the  fol lowing parameters may be evaluated.

C P = P - P  3Oll psi1 m r qs

C P = P 187 ps12 m qs

The pulse  duration (t
d
) can be computed from the following equation

t
d 

= 21/P ~2)

s u b s t i t u t i n g  into equation (2)

td = 0.000375 sec .

70 
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¶ The natural frequency f for the cover plate with short ed~e a, I ‘~~
- - ed ge

b and thickness t; all ed ges simply suppor ted can be calculated from t h e  following

equations. (Ref. 8, Page 579)

f =

21T V’wa4 (3)
and = 1/f

where :

f natu ral frequency , 1/sec
T = natural period-sec

(a)K1 = constant for aspect ratio of plate b

g gr avitational acceleration - 386 in/ sec.
2

w cover p late weight  - lbs .

a = sho r t edge - in.

D Et 3/11~2(1-v
2
)] - in. - lbs .

E = modulus of e las t ic i ty  = 30 x 10 psi

v = Poissons Ratio = .27
t = thickness of plate - inches

For the given dimensions a and b; _
~~

_- = 0.5 and K1 = 12.45

Making the appropriate substitutions into equation (3)

f = 1202 t/sec

wi th  T~ = = .00083 sec
f t

For t = 1.0 in.

Tn 0.00083 sec.

The resistance of the member (r~) can be computed from the following

r = Rm/ab (4)

where Rm = total load member can take- lbs.

B-5 71
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a
For a simply supported plate where the ratio of short to long side b =

0.5 the total load Ru may be obtained from the following equation (Ref. 6,

Table 6.2A)

Ru = —i- (12 Mp
f
a 
+ 9.0 M

P
f
b) (5)

Where M f  = F Z
p a  dya
M f  = F Z

p b dy b
Fd 

= dynamic yield strength of the material-psi

Z = plastic section n~ dulus about short edge

Zb 
plastic section nx dulus about long edge

For plates the plastic section modulus is 1.5 times the elastic section

modulus (Re f .  9 , Page 31)

Therefore Za = 1.5 Zae

The elastic section modulus is:

1 2
c 12 at = a t

t
2

and Zbe = b t 2

6

The d ynamic yield st rength of the ma terial is related to the y ield strcngth

of the material  b y the equation (Ref .  9 , Page 16)

Fdy = 1.1 iTty

Making the appropriate substitutions into equation (5) yi~ 1ds

Rm = 2.97 x 1O~ t 2 
(lbs.)

and r~ = Rnu/ ab

r 
~~

= 1485t2 (psi)

B-6 72
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Subs t i tu t ing  the values  of C 1 Pm , C2 Pm, r y ,  T~ and td into equa t i on  (1)

yields:

3011 
\ 
2 187

1485(1) 2 1485(1) 2
_ _ _ _ _ _ _ _ _ _ _  + 

_ _ _ _ _ _ _ _ _  = 1
.00083 ~~~~ - 1. i -

rr(.000375) 2 1.’

solving for 4 yields

= 5.4 which is < 6 for reusable members

Now 4 = Xun/Xe

The elastic de f l ec t ion  Xe can be determined from the equa t ion

Xe = Rm (6)

- Ke
a

where for —s-- =

Ke = spring constant = 2 lôEIa (Ref . 6 , Table 6 .2A )
2a

Making appropriate substitutions this reduces to

Ke = 18E t3

a

substituting appropriate values into equation (6)

Xe = 0.0055 in.

wi th  ~.‘ = Xm/Xe

Xm = 0.030 in.

Th e tota l load d ynamic reaction may be comp uted by determining the

dynamic reactions at the edges of the cover plate.

For a width to length ratio (a/b) of 0.5 the dynamic reactions are

Va = .04P + .09R
~. (7)

Vb = .09P + .28R~~
F ( R e f .  6. Table 6.2A)

B -7
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where R = max imum resistance - lb.

P = pressure loading at time of max. structural response - lb.

The pressure loading P is dependent upon the relative values of td and

T (the time to maximum deflection) (Ref. 10)

for Thi< td

P = (td - Tm ‘) Pr ab + P qs ab (8)

‘ 
td /

-

‘ 
for I

~m
> td

P = P q s  ab (9)

The time to maximum deflection can be approximated from the equation

T = i/r n

where i = impulse - psi-sec

ru = ry = ultimate resistance - lbs.

with i = .6 psi - sec.

ru = 1485t
2 
(lbs.)

Tm 0.0004 sec.

since td = .000375 sec.

T >
ni d

a n d P = P q s  ab

c subs t i t u t i ng  for Pqs , a and b yields

P = 37 ,400 lbs.

Rm = 29 7 , 000 lbs.

Subs t i t u t i ng  va lues of P and Rm into equat ion (7) y ields:

Va = 28226 lbs.

Vb = 86526 lbs.
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These are the reac tion forces along lengtlis a arid b. The total loading is:

Vt = 2Va + 2 Vb

Vt = 229 , 504 lbs .

2. Buckl ing of Side P l a t e s

The buckl ing of the side p lates suppor t ing  the cover p late are anal yzed

the following me thod. Each side p la te i~ ass umed to be simp ly suppor ted  al

edges a or b and clamped along the edges h. End loading by the reac tion fo

are app lied along ed ges a or b.

Consider a plate  of thickness t5 end loaded b y a force , V
b .

Let i
’= critical unit compressive stress to buckle

- 

the p late (Ref. 8, Page 550)

then (J K E 7 ~~ 
2

I I Ins ide
1-v 2 b I i..— b 

_
(10)

t_
Top~~~~~~~~~ ~~~~

Shield

Outside

where K = constant dependent upon t~~e span t~ hei ght  r a t i o  ( b /h  or

E = modulus of elasticity = 30 x io 6 psi

v = Poissons  r a t i o  = .27

= side wal l  thickness = 1.0 in.

For h = 8 in, b = 20 in; —4~
-- .4 and K = 7.76

Substituting into equation (10)

= 627 , 764 psi

The ac tual compressive stress is

~~b =  ‘1b or

bt~
B-9



~~~~~~~~~ -~~~~~ -~~~~--~~~ -~~~~ - -~~~~~~~— •~~~~ -~~~• - ~~~-----~~~ ~~—- -—-- -—

= 4326 psi .( ~~

Likewise for h = 8 in , a = 10 in; = .8 and K = 6.00

and = 1,941 ,538 psi

= 2823 psi ~

Therefore , none of the side plates will buckle

3. shearing of Cover Pla te  Through the Side P la tes

The shear ing  of the cover p late throug h the s ide p la tes  is analyzed

using the following method.

The total load on the p la te is V t suppor ted
b _ _

by the shear area A where - 
_________________

A = 2 t (a + b )  
_ _ _  

_

The shear stress is 
V~ 

+ 4 ~F ~ f t  t.tit t

SD = V t/A (11)

S u b s t i t u t i n g  V~ = 229504 lbs. — ____________________ —

a = 10 in.

b 20 in.

t = 1.0 in.

SD = 3825 psi

The allowable shear s t ress  is the d ynamic shear stress of the mate r ia l

given by the equation (Ref. 9, Page 17)

Fdv = .55 Fdy

with Fd y = 39600 psi

Fdv = 21780 psi

SD < Fdv

Therefore , the cover p la te  wi l l  not  shear th roug h the side p la tes

B- 1O 76
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4. Shearing of Protective Box Through Suppressive Shield Wall

Assume the wall is in double shear V

Shear Stress = 5w = V (12) Side Plate
Aw

where V = dynamic load Va or Vb , 
— ~ Suppressive Shield

4.. 1 
~ Wall

Aw 2 a t w o r 2 b t.~

For Va = 28226 lbs. For Vb = 86526

a= 1 0  in. b =  20 in.

t~ = 1.0 in. ~~ = 1.0 in.

Swa = 1411 psi Swb = 2163 psi

By inspection Swa < Fdv
- 

Swb< Fdv

Therefore the protect ive box will  not  be pushed through the wall  of the

suppressive shield .

A l alysis of the protective box for Shield Groups 4, 5, and 81MM follow

the same method as Shield Group 3. All  three f ina l  Shield Groups have

an a/b ratio equal to 1 which provid es a d if f e re nt fa ctor of K for the na tural

frequency computation and a different equation for the total load (Rn) the

material can carry.

For a/b = 1, Factor K for na tu ra l  frequency Tn is K = 1).7(Ref. 8, Pg. )79)

R m !~ (Mp ia + Mp fb),Va = Vb = .O7P + .lBR

Spring Cons t an t  Ke = 271 EIa
a2

Factor  K for buck l ing  anal ysis is K = 5. 8(Category  4)

K = 8. 0 (Ca tegory )
K = 5.79 (Category 81 MM)

A n a l y t i ca l  r e s u l t s  are p resen ted  in t a b u l a r  form (Fi gure 23 ) for a l l

four shield groups.

B - i l  77 

-~~~~~ -~~~~~ ---~~~~~~~~~~~~~ - - - ~~~~~--- - --- - - -



B~ ~

‘ 

~~~~ ~~

0 0

~~~d d d o
— — — — — —

~~ 
= — 0 

.e
) . . . .

— 
-3 r,

~~ -~ ~~ 
-
~~ 

-
~ 

-
~ 

-
~ ~~ ~~ 

-~ 

.4

—% ~~~ p c-i c-i a ~ t~ I.. I.. I.. C.. ci. ci. ci. ci. ci. Ii ~

~ V V V  V V  V V V V V V V  ~~~. C O  — • • 0 - 0
1. _I -.1 S 0’ 0’ 0 U 3  0 a 0 U 0 U n U • S — -.

S 5 - —  0’ ~~~~~ci~~~~~

— — — — - - ----- 
I. 0 0 i~ ~

_ 

_ 

I
-. 

o b b o

— .4 4 en . — a

- 0 -0 
.0

U 0 0 a’ a

~ 2 ~~- ~~ —
-: -‘ -. .. — = .4 — ‘- -

ci- — - - - — —  _____ -- - S — 

~ -- --— 
I S ~ 0 —

-o 0 ‘0 ‘0 .. : .~ ~ 
. • U

0 0 i• S U

~

~ 1.... -~~ ~
— 4  8

~ •~~ g

_ _ _  

~~~2 : :~~~~~ ~~~~~~~~~~~~

‘0 ‘0 0’

B-l2 78

_ _ _  
--



- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~TI ITTTi~~~~ii

APPENDIX C - CALCUlATIONS FOR VACUUM LINE PENETRATION

C—l 79

________________ _ _ _



_ _ _

Vacuum Line Penetration Anal ysis

The analytical approach taken to insure the structural integrity of the

vacuum line i~ to compute the energy of the b las t  loading imposed upon the

vacuum line and equate this value to :

1. The amount of shear s t ra in  energy available in the f lange  of the

vacuum line ( to the material  y ield point) .

2 . The amount of shear s t r a in  energy available 4 n the shear area of the

suppressive shield wall supporting the vacuum line flange (to the material

yield poin t ) .

The force  computed b y equa t ing  the s t ra in  energ ies is used to eva lua te

the shear s t ress  in the respect ive  s t ruc tu ra l  members.  The computed shear

stress is compared to the allowable dynamic shear stress to ascertain the

s t r u c t u r a l  i n t e g r i t y  of the members.

The results presented below are for a particular shield (81 mm shield)

and ar e cons idered  conservat ive  for reuseable members due to the fac t tha t

components are designed to preclude plastic deformation.

81MM Suppress ive Shield

Consider the energy in the blast environment
P

wi th  
~r = 610 psi

td 

t
d = 0.000377 sec.

The e n er g y  is ( R e f .  11)

E = (FIme)
Z

2m
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where m = mass of the loaded structure

1kne 1/2 
~r td A (lb-see)

A = b last  ar ea - ~~~ 
2

with A 83.7 :~ see.

/ 
, _ /

_

~ 
~~~ Vac uum Line

Flange

2

Waste Disposal Line Weight = 120 lbs.

= 3.73 lb-sec
2
/ft.

Substituting into the energy equat ion  yields

E = 12.35 ft. - lb. = 148. 2 in . - lb .
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1. Vacuum line flange - The f lang e of the  l ine  bears agains t the suppress ive
shield wall (Shear Area 1). The shear s t r a in  energy in the collar is:

2AG

where L = shear length ( in . )
A = shear area (in. 2 )
F = imposed force ( lbs . )
G = modulus of r igidi ty (ps i)

Equating the energy of the blas t  loading to the strain energy yields

F
2
LE U 2AG
‘, 1/2

2EAGor F —j --—

for L = .38 in.
A = -

~~ ( 4 . 7 S ) ( . 3 8)  = 5.67 in.2

G = 11 x io 6 
psi

F = 222500 lbs .

and the shear s tress
F

= 39241 ps~

The dynamic yield shear streng th of the f lange = 557. Dynamic Yield Tensile strength.

Flange Material : Cast Steel F = 40 ,000 psi

F = 1.1 F = 44,000 psi
dy y

F = .55 = 24,200 psi
sy dy

The shear stress is beyond the yield strength s However , knowing that the yield
f orce is

f = 24200/5.67 = 137214 lb.

and the yield deflection is ,

Xe (L) (F /G) = .38(2 4200
6)= .000836 in.

!t can be shown that the total deflection to absorb the blast loading energy is

E xx = — - e = .001078 In.m f
y 2

x . .The r a t io  ~~ = m is 1.29 whtch is well w i t h i n  the value of 6 which is

acceptable for  this  app l i ca t ion . 
- 

~
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-- 
:~~~re ss ive  Shield Wall  - the v acuum line f l ange  imposes a s h ea r

load on the suppressive shield wall .  (Shear Area 2 ) .

= shear area = 4 ( 7 ) (. 7 5 )  = 21 in.
2

L = .75 in.

From F = r 2EA G 
1
1/2

t. U

For A = 21 in.
2 (square flange)

L = 0 7 5  in.

F = 302144 lbs.

shear stress (J~ = F
A

= 14388 psi

Supp ressive Shield Wall Mater ia l :  F~ 36 ,000 psi

Fd y 1.1 F~ = 39 , 600 ps i

F5~ .55 Fdy = 21780 psi

• si nce < Fsy, the f lange will not yield .
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~ ~~n Analys is

~~. ~hie1d Group 5 Sliding Door Calculations

The door panel cons truction contains two sets of 2x2x1/8 inch steel

angles, three layers of 16 gage perforated steel plate with 3/16 inch t~oles

on 5/16 inch staggered spacing (32.77, open) and four layers of l6x16 mesh

aluminum screen. The effect ive venting was calculated to be 0.028. The e f f ec t

mounting the door on track and rollers to slide horizontally has not changed

the venting characteristics since no material has been added to cause additional

blockage of the panel.

Door Fragmentation Protection

The equivalent meta l thickness of the pane l assembly to res ist fragment

penetration, based on the original iesign parameters, is 3/8 inch . The actual

penetration experienced from s imulated testing was cons idered negligible ; no

penetration of even the firs t layer of p late was observed. However , to assure

that the sliding door ins tallation is equivalent to the origina l design concept

the total metal thickness through possible fragmentation paths was reviewed.

This data is tabulated as follows :

Path Member and Thickness Total Thickness

Top of Door Panel Plate 1/4” , Track .150” , Ang le 1/4” >1/2 ”

Bottom of Door Panel Assembly 3/8”, Angle 1/4” 5/8t~

Sides WF Beam 7/16” , Angle 1/4 ” (2) 15/16”

3 Inch Diameter Panel Assembly 3/8”, Bar 1/8” 1/2”
Hole for Latch

Obviously, there are no places in the i n s t a l l a t ion  where the f ragmentat ion

is less than the original specified requirement .

There are no cracks or openings between t h e  door and frame when the door

is closed and latched.
D-2 85
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Track and Trolley

The weight of the door was calculated for the design analysis of the

Category 5 shield dated April, 1975 and is 871 pounds . The following items

are specified for the track and trolleys :

Item Rating

McMaster Carr No. l2l5Al5 Trolley (2 Used) 800 lb.

McMaster Carr No. 12D7A26 Track 800 lb.

The door weight exceeds the rating by 71 pounds (8.8’!,) which is

considered negligible, since an industrial rating of at least 4 to 1 is used

for this hardware . The next size rating for the hardware would be for a 1200

pound door and may present mounting difficulties due to the much larger rollers

and track . To safeguard the track agains t the possibil i ty of unforeseen

def lec t ion, the track hangers have been increased to eight, spaced a maximum

of 20 inches apart. The manufacturers specification for hanger spacing is

24 inches ; therefore, the track support as designed will have an increased

amount of strength. Because of this smaller spacing, the bending moment on the

track will be reduced by approximately 16 percent. Track deflection will also

be reduced . Since deflection is proportional to the fourth power of the spacing ,

the percentage reduction is approximately:

~~~

, 7. RED = x 100 = 
(24)~ - (2O)~ x 100 = 51.77.

1
1 (24)

The track system is considered to be adequate based on these design

assumptions.

T-Bolt Hanger and Pla te

The door hangs on two trolleys . The connection is by means of two

3/4 - 10 threaded studs and sliding “T”-nut :
q6 

--~~~~- - - — ----~~~~~~~-- ---



7/16

3/4 - 10 z _ _ _

~~~ 
,) 

-~~ - 
_ _ _ _ _  _ _ _ _ _ _ _

~7I8J j 9/16

4sq. Welded to Door
3/4 - 10 stud root are.~ = 0.302 in

2

871Stress = 2 ~ .302 = 1442 psi (very low)

60,000Factor of Safety = 
1,442 = 41.

“T” -block shear s tress on 7/ 16” x 1-1/2 ” portion :

Stress = 2 x 2 ~
7~
4375 ~~~~~~ 

= 331 psi (very low)

The “T”-bolt hanger assembly is very conservatively des igned and has

very low stresses in the critical areas,

Dpor Latch Assembly

Two pull clamps , rated at 1000 pounds each , are used to pull and latch

the door agains t the frame in the sliding (closed) position. In the event of

an exp losion , the ini t ia l  and quasi-s tatic blas t pressure loads wi l l  act towards

the door frame . lit has been shown during actua l tests that the frame safely

supports the suppressive panels .

Calculate the force required to pull door closed :

F -~.j N, where : u is the fr ict ional coefficient (0.75 for dry s teel)

N is the norma l force on the “T” -slot bearing surface

F is the f r ic t ional force

F (.75 x 871) = 653 .25 pounds

The clamps are adequate for this funct ion  and have a good reserve of force

~~~~~~~~~~~~~~~~~~~~

,

~~~~~~~~availabie for latchin~

_

the door .



~~~~ ‘ - - - - -

Personnel Safety Cons iderations

As with any moving device, due precautions must be taken by personnel

to avoid catching hands, fingers or equipment between door and frame when

sliding the door closed . The handle is large enough and spaced away from the

panel to avoid this problem so long as the hands are kept on the device. It

is recommended that a warning sign be attached on the door , or the edges of

the door be painted with a sa fe ty  stri pe , according to customary AAP procedures .
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CALCULATIONS FOR ENVIRONMENTAL CONDITION ING PENETRATION

For the purposes of this analysis, the Shiel d Gro up 81MM has been

considered. The procedure is, of cour se , applicable to all of the shield

groups, and is described as follows ;

1. Determine the required number of air changes per unit of time,

for the particular operation in question. In the absence of specific

requirements , we will assume that 2 complete air changes per hour

will be provided. This is consistant with industrial practice for

places which are not occupied during operations.

2. Calculate the area of the exhaust required to accommodate the required

volume of air at a reasonable flow rate.

The area required for the exhaust is given by

Avent = -

V

where

Avent = area of the exhaust, ft.2

Q = flow rate, ft.
3/min.

v = flow velocity, ft/mixi.

For a shield volume of 2500 ft.3 and a flow velocity of 400 ft/mm

(typical for air movement systems), the exhaust area required is

020 2
- 

- 
Avent — . 8 ft.

3. Determine the height of the exhaust stack above the building which is

required to limit the overpressure on the surrounding structure to

an acceptable level. The explosive hazat’d for- the 81MM shield is

defined as the simultaneous detonation of three 811-fM mortar rounds.

This represents a Fano Equivalent of 4.2 lbs of high explosive.

E-2 100
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The scaled venting factor is given in Reference 12 as

A
2/3

V

where,

A = A  ft.2vent,

V = Volume of the space confining explosion, ft.3

For the case in question,

A — 
.208 —

2/3 
— 

2/3 
— .001

V (2500)

For the purposes of this analysis , overpressure of 1 psi will be assumed . The

designer must select the allowable overpressure on the surrounding building

based on the design criterion for the particular application. From Figure 16,

f or a peak positive pressure (P
50
) of 1 psi, and a scaled venting factor

2/3 of .001, the scaled distance , 1/3 is 7.5.

V W

R = exhaust stack height above the structure , ft.

W = Fano Equivalent = 4.2 lbs . (Ref. 13)

Solving for R,
1/3 1/3

R = 7.5 W = 7.5 (4.2) = 12 ft.

A 12 ft. high stack will be the minimum required.

4. Calculate the required wall thickness of the stack assuming it is

circular in cross-section.

Inside the suppressive shield : The criteria for the portion of the

exhaust which is inside the shield is that it have at least the

equivalent fragment penetration resistance of the shield itself.

For the 81mm shield , this thickness is 1.25 inches . —
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Outside the suppressive shield: The design criteria in this case

is that the stack must withstand the side-on blast pressure caused by

the explosion inside the shield.

The scaled distance , Z is given by

z = RH

W 1/3

where RH = the half width of the shield = 7 f t .

W = Fano Equivalent = 4.2 lbs.

Substituting these values ,

Z = 4.34 ft/lb.1”~
From Goodman, H. J., 1960, “Compiled Free-Air Blast on Bare Spherical

Pentolite” BRL Report No. 1092 , APG, Md., the side-on blast pressure,

47.3 psi for a Z 4.34 ft/lbl~
’3. The hoop stress in a thin round

tube subjected to uniform internal pressure is given by:

t

uhere

= hoop tension, psi
P uniform internal pressure , psi = 47.3 psi

r = radius of the tube , in.

t = thickness of the tube, in.

Assuming an allowable stress of = 20,000 psi , the thickness may

be expressed as:

t = Pr = 47.3 (r) = 2.365 x l0 3(r)
20 ,000

For a stack area of Avent .208 ft.
2
~ 

the radius , r , is determined by

E-5 103
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r = = .208 = .26 ft = 3.12 in.

The minimum exterior stack thickness required to withstand the pressure is

thus,

t = 2.365 x lO~~ x 3.12 = .007 in. F
Criteria other than pressure from an internal explosion will probably control

the design of the stack outside the shield.

t
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APPENDIX F - EXA~~LE MAINTENANCE INSTR1X~TION

This appendix presents typical maintenance instructions applicable to the

Shield Groups.
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PAGE 1 
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1.0 INTRODUCTION

1.1 PURPOSE . 
-

This procedure contains the preventative maintenance instructions necessary to ensure the

proper operation of the Group 
— 

suppressive shield as listed herein.

1.2 DESCRIPTION

The Suppressive Shields are operational barricades consisting of structural steel and

vented composite walls used for containing hazardous munitions plant operations. These

shields protect personnel, equipment and facilities against fragments, blast over- S

pressure, and flame/fireball from accidental explosions and reactions.

1.3 SCOPE

1.3.1 General -

The maintenance instructions and operations presented in this document , when performed

at the time intervals indicated , provide the basis for periodic preventative maintenance

of the suppressive shield. -

1.3.2 Maintenance Tasks Included in This Document

The maintenance instruction will be performed in accordance with the requirements of

V paragraph 7.0 of this procedure . The suppressive shields listed in the Maintenance

-. : Performance and Location Check Lists, paragraph 8, will be inspected periodically as

F. follows:

a. Bi-monthly, paragraph 7.1

b, Semi-annual, paragraph 7.2 -

c. Annual , paragraph 7.3

2.0 REFERENCES

2 • 1 DOCUMENTS

2 .1.1 (To Be Determined)

____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ - - - ~~~~~~~
-
~~~~~~- -~~~~~ - - SM 
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RE VISION NO.______________

0RIGINA’rIoN DATE__________

PAGE 2

2.2 DRAWINGS

(List applicable drawings) 
-

2.3 SPECIFICATIONS

(List applicable drawings)

3.0 DEFINITIONS AND ABBREVIATIONS

3.1 DEFINITIONS

(List as required)

3.2 ABBREVIATIONS

(List as required)

4. 0 RESPONSIBILITIES

a• Personnel assigned to perform these maintenance instructions shall be responsible

for the safety of personnel and equipment, and will be responsible for following this

procedure as odtlined herein.

b. Minor adjustments will be accomplished at time of inspection.

c. Rework requiring parts, special effort (in addition to routine), and fabrication

shall be documented by the performing organization for corrective action. These

S - reports will be forwarded to the work control center for scheduling and implementation

of the corrective maintenance.

- _ _ _
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PAGE____________________

5. 0 SUPPORT REQUIREMENTS -

5.1 SPECIAL TOOLS/TEST EQUIPMENT

a. Resistance measuring device (approved instrument)

b. Test leads, clips, and surface plates

c. Optical transit

5. 2 EQUIPMENT

a. Standard hand tools

b. Ladder

5.3 IMATERIAL

a. Safety approved dry graphite lubricant or equivalent

b. Safety approved solvent, as required

c. Shop rags

6.0 PREREQUISITES

6.1 EQUIPMEN T CONFIGURA TION

Normal

6.2 FUNCTIONAL PREREQUISITES

a . Advise user of inspection. Determine occupancy and operational s tatus of shield

and observe posted regulations in respective area.

b. ‘Follow standard lock-and- tag procedure and secure for inspection per Safety

Manual Regulations.

c. Advise user when inspection is complete and restored to normal. Discuss with

user if1unusual or unsatisfactory service conditions have been experienced.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~
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NOTE: OBSERVE AND COMPLY WITh ALL PLANT AND AREA WARNING SIGNS AND REGULATIONS

7. 0 PROCEDUR E

Refer to paragraphs 1.0 through 6.0 prior to performing this procedure.

7.1 BI-MONTHLY MAINTENANCE TASKS

7.1.1 Perform a complete visual inspection of the Suppressive Shield, checking for

interior and exterior surfaces.

a. Worn areas, punctures , cuts, and cracks of the environmental covering of all

interior and exterior surfaces. -

b. Cracks and spalling of the concrete surfaces of the roof and foundation slab.

c. Presence of rust, blistering, or peeling paint.

d. Condition of conductive floor material.

e. Condition of electrical ground straps, lightning rods and cables.

f. Evidence of processed material accumulation on interior surfaces.

g. Condition of service penetrations.

h. Condition of interior lighting devices.

I. Condition of expansion joint calking around foundation.

7.1.2 Clean shield and equipment with appropriate solvent and shop rags.

7.1.3 Functionally check operation of personnel and process equipment doors.

7.1.4 Check operation of all switches , interlocks, and indicator lamps. (Replace

lamps as required.)

7.1.5 Lubricate moving parts as required .

7.2  SEMI-ANNUAL MAINTENANC E TASKS
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ORIGINATION DATE~~
PAGE____________________

7.2.1 Check tightness of structural bolts a~ required. 
-

7.2.2 Check tightness of ground st~ap bolts. -

7.3 ANNUAL MAINTENANCE TASKS

7.3.1 Perform tests for proper electrical resistance and continuity to ground in

accordance with USAMC Regulations 385-100, for the following:

a. Static grounds (equipment)

b. Conductive floors

c. Lig htn ing  protection system.

7.3 .2  Perform check for foundat ion set t l ing of the shielding s t ruc ture  by setting up

and sigh t ing  the optical  t ransi t  from pre-established reference points to targets  scribed

on the exterior shield walls in accordance with detailed Plant dperating Procedures.

(Number to be provided) .

8.0 SUPPLEMENTARY DATA

8.1 Sample check list for each applicable location and maintenance period follows.
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APPEND IX G - WELDING PROCEDURE AND QUALIFICATION

This appendix presents an example of a welding proc edure which shall be

required for the fabrication of the shield penetrations and openings as well

as for the basic shield structure. The AWS Structural Welding Code, AWS Dl . l-75 ,

is specified for the welding. The quality control and inspection procedures

will vary depending upon the critical nature of the weld but AWS1.l-75 contains

* 
the required provisions in Section 6 - Inspection.

The following example only illustrates what a welding procedure would

consist of and is not meant to be all encompassing. Each situation will

require perhaps a slightly different procedure but by specifying the submission

of a welding procedure from the shield fabricator , the structural integrity

of the shield can be insured.

ii-
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WELDING PROCEDUR E

Note: Local regulations and SOP ’s regarding flame permits prior to welding
must be followed. Decontamination of the shield shall be in accordance
with the local AAP SOP ’s, AMCR 385-100 (Safety Manual) and ARNCOM
Regulation 385-5 (Contamination, Decontamination , and Disposal).

1.0 APPLICABfl.IITY

All welding shall be performed in accordance with the AWS Structural
Weld ing Code AWS Dl. 1-75.

2.0 PROCESSES

2. 1 Manual Shielded Metal Arc Process (SMAW)

2.2 Gas Shielded Metal Arc Procesé (cRAW)

2.3 Gas Shielded Tungsten Arc Process (GTAW)

3.0 POSITIONS

Positions which may be used include flat, ver tical , and horizontal.

4.0 - JOINT DESIGN

All joints are to be as shown on applicable drawings and are prequali-
fLed in accordance with AWS Dl,l-75.

5.0 HEAT CONTROL

5.1 Any required field preheating to be done with a torch.

5.2 Preheat values and interpass temperatures are to be determined
from Table 4.2 of AWS Dl. 1-75.

6, 0 ELECTRODES

6. 1 The manual shielded me tal arc process shall use low ydrogen
electrodes of the E7018 type in accordance wi th AWS A5 .1.

6. 2 The inert gas shielded arc processes shall use,~w~res of the
MIL-E7OS type which conform to AWS A 5. 18 .  

/ 

-

6.3 Electrodes used for the SMAW process shall arrive at the site
in hermetically sealed containers. After opening , the electrodes
shall immediately be placed in ovens held at 250 F minimum. After
removal from holding ovens , those not used within four hours shall
be redried before use according to paragraph 4.9. 2 ot AWE D l . 1- 7 5 .

- 
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7.0 PREPARATION OF BASE METALS

7.1 Edges may be machined , sawed, ground or flame cut. Flame cut
edges need not be ground if smooth , free of gouges , scale and slag.

7.2 Prior to fitting, the surfaces of the joints to be welded shall be
cleaned of loose scale or other foreign matter for a distance of
one-half inch beyond the extremity of welds.

8.0 JOINT WELDING

8.1 Weld layer thickness should not exceed 5/16”. Each weld layer
shall be started at the end of the finishing end of the preceeding
layer, except where procedure must be varied to eliminate dis tor t ion.

8.2 Weld passes are to be cleaned of all slag or other foreign matter
before deposition of additional passes.

8.3 Arc starts and stops are to be chipped or ground as necessary ton
insure sound welding.

8.4 Excessive slag and splatter are to be removed from finished welds.

8.5 Undercut at the edges of finished welds shall be held to a minimum
but not exceed .030” or 107. of thinner members, whichever is less,
for more than 57. of the length of any given weld surface.

8.6 On completion of welding, the finished joints shall be allowed to
cool to room temperature. Mechanical means of cooling shall not
be allowed.

9.0 REPAIRS

9.1 Excavation of defects may be made by chipping or grinding. The
excavated areas shall be beveled in accordance with joint require-
ments.

9.2 All repairs are to be made with the same type elec trodes as the
original welds.

9.3 Inspection of repaired areas shall be in accordance with original
requirements .

10.0 QUALIFICATION OF WEL D ER S

Welders qualified in accordance with Section 5 of AWS Dl. 1 or with
MIL-STD-248 shall be used.

G-4 119
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11. 0 BASE METAL S

11.1 Steel plates , shapes , and bars shall conform to ASTh-A36.

11.2 Steel tubing shall conform to ASTh-A50 1.
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PREOUAUF IED JOINT WELDING PROCEDURE
PROCEDURE SPECIFICATION

Material .pecification 
Welding process 
Manual or machine 
Position of welding 
Filler metal specification 
Filler metal classification 
Flux 
Weld metal grade — 

Shietding gas Flow 
Single or multiple pass 
Single or multiple arc 
Welding current 
Polarity 
Welding progression 
Root treatment 
Preheat and interpass temperature 
Postheat treatment 

WELDING PROCEDURE

Pass Electrode Welding Current Travel Joint Detail
no. s ize Ampe res Volts speed

This procedure may vary due to fabrication sequence , fit-up, pass size . etc. within the limitat ion of variables given in
4B, C, or 0 AWE 01.1, Structural Welding Code.

Manufacturer or Contractor 

Authorized by 

Date 

G-6 121
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W ELDE R AND W ELDING OPERATOR QUALI FICATION TEST R ECOR D

Welder or welding operator ’s name Identification no 
Welding process Manual Semiaut ,matic Machine 
Position 
(Flat. horizontal, overhead or vert ical — if vert ical state whether upward or downward)
In accordance with Procedure Specification No 
Material specification 
Diameter and wall thickness (if pipe) otherwise joint thickness 
Thickness range this qualifies 

FILLER METAL

SpeciVcation No Classification F No 
Describe filler metal (if not covered by AWS specification ) 

Is backing strip used? 

Filler metal diameter and trade name Flux for submerged arc or gas for gas metal arc or flux
cored arc welding 

Guided Bend Test Resu lts

Type R.suft Type Result

Test conducted by Laboratory Test No 
per 

RADIOGRAPHIC TEST RESULTS

Film Film 7
Id.ntifi• Results Rem.rks ldsntifi- Results Remarks S

cation cat ion

Test witnessed by Test no._
per

We the undersigned , certify that -the statements in this record are correct and that the welds were prepared and tested in
accordance with the requirements of 5C or Dot AWE D1.1. Structural Welding Code.

S
Manufacturer or Contractor 

Authorized by 

Dite 
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APPENDIX H

DESIGN ANALYSIS OF THE GROUP 3 SHIELD FOUNDATION

(Note that reference is made to the 1/4 scale category 1 model in the

analysis. This scale model shield has been safety approved as the

group 3 shield.)

_ _ _ _ _ _ _ _ _ _  
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APPENDIX I - DRAWINGS

(The fol lowing dra~dngs show the det ails of the various

penet rations for each safety  approved shield group.)
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